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Description 

The present invention relates to a process of heat- 
ing and subsequently cooling at least one steel wire. An 
example of such a process is austenitizing the steel wire s 
and subsequently cooling the steel wire to allow trans- 
formation from austenite to pearlite. 

The term "steel wire" refers in what follows to a large 
range of carbon steel wires where transformation from 
austenite to pearlite may occur. A typical composition 10 
may be along the following lines : 
a carbon content between 0.10 % and 0.90 %, prefera- 
bly between 0.60 % and 0.85 %, a manganese content 
between 0.30 % and 1 .50 %, a silicon content between 
0. 1 0 and 0.60 %, maximum sulphur and maximum phos- is 
phorus contents of 0.05 %. Other elements such as 
chromium, nickel, vanadium, boron, aluminium, copper, 
molybdenum, titanium may also be present; either 
alone or in combination with another element. The bal- 
ance of the steel composition is always iron. All percent- 20 
ages expressed herein are percentages by weight. 

The steps of heating the steel wire above the 
austenitizing temperature and subsequently cooling the 
steel wire to a temperature between 500°C and 680°C 
to allow transformation from austenite to pearlite are 25 
widely known and are commonly called patenting. Pat- 
enting is done to obtain an intermediate wire product (a 
so-called half-product, in contradistinction to a final 
product) with a metallic structure which allows further 
drawing without difficulties. The exact metallic structure 30 
of the patented steel wire as an intermediate wire prod- 
uct not only determines the absence or presence of wire 
fractures during the subsequent wire drawing but also 
determines to a large extent the mechanical properties 
of the steel wire at its final diameter. 3S 

In this way transformation conditions must be such 
that martensite. or bainite are avoided even at very local 
spots on the steel wire surface. On the other hand, the 
metallic structure of the patented steel wire must not be 
too soft, i.e. it must not present too coarse a pearlite 40 
structure or too great a quantity of ferrite, since such a 
metallic structure would never yield the desired ultimate 
tensile strength of the steel wire at its final diameter. 

It follows that the second step of the patenting proc- 
ess, i.e. the cooling or transformation step, is very criti- 45 
cal. Temperature ranges and cooling velocities must be 
so that the desired intermediate wire product is ob- 
tained. 

The prior art has provided a plurality of ways to per- 
form the transformation step, all of these ways having so 
serious drawbacks. 

Transformation may be done by means of a lead 
bath or of a salt bath. These embodiments have the ad- 
vantage of giving the patented steel wire a proper me- 
tallic structure. Both require, however, considerable run- ss 
nin .9 costs. Moreover, both cause considerable environ- 
mental problems. And lead drag out brings about quality 
problems in the downstream processing steps. 



Transformation may also be done in a fluidized bed. 
A fluidized bed may also give the patented steel wire a 
proper metallic structure. The investments needed for a 
fluidized bed installation are very high and the running 
and operating costs are even higher than for a lead bath. 
Moreover, fluidized bed installations may have a lot of 
maintenance problems. 

Austenite to pearlite transformation may also be 
done in a water bath such as disclosed in EP-A-0 216 
434. A water bath has the advantage of low investment 
costs and low running costs. In EP-A-0 216 434 a water 
patenting system is disclosed where very pure water is 
used and where steel wires with diameters ranging from 
1 .5 to 5 mm, preferably from 2.5 to 4 mm are treated. 
Water patenting, however, may give problems for wire 
diameters smaller than 2.8 mm and even becomes im- 
possible for wire diameters smaller than about 1 .8 mm. 

It is an object of the present invention to avoid the 
drawbacks of the prior art. 

It is a further object of the present invention to pro- 
vide with a transformation process which has low 
investment costs, low running costs and which does 
not require much maintenance. 
It is another object of the present invention to pro- 
vide with a transformation process which gives pat- 
ented steel wires with a proper metallic structure. 
It is yet another object of the present invention to 
provide with a process which is suitable for trans- 
formation of steel wires with a diameter smaller than 
2.8 mm, e.g. smaller than 1.8 mm. 

According to the present invention, there is provid- 
ed a process of heating and subsequently cooling at 
least one steel wire. The steel wire has a diameter which 
is less than 2.8 mm, e.g. less than 2.3 mm or less than 
1 .8 mm. The cooling is alternatingly done by film boiling 
in water during two or more water cooling periods and 
in air during one or more air cooling periods. A water 
cooling period immediately follows an air cooling period 
and vice versa. The number of the water cooling peri- 
ods, the number of the air cooling periods, the length of 
each water cooling period and the length of each air 
cooling period are so chosen so as to avoid the forma- 
tion of martensite or bainite. For wire diameters below 
1 .2 mm only one water cooling period may be sufficient. 

The term "film boiling" refers to the stage of cooling 
by means of water, during which the steel wire is sur- 
rounded by a continuous and stable vapour film. This 
stage is characterized by a regular and relatively slow 
cooling. 

The film boiling stage must be distinguished from 
two other stages which may occur during water cooling : 

(i) the nucleate boiling stage where the stable va- 
pour film disappears and where cooling is rapid and 
irregular; 

(ii) the convective cooling stage where the water is 
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in direct contact with the steel wires. 

The stages (i) and (ii) must be avoided in the process 
according to the invention. 

The term "water" refers to water where additives 5 
may have been added to. The additives may comprise 
surface active agents such as soap, polyvinyl alcohol 
and polymer quenchants such as alkalipolyacrylates or 
sodium polyacrylate (e.g. AQUAQUENCH 110®, see e. 
g. K.J. Mason and T. Griffin, The Use of Polymer Quen- 10 
chants for the Patenting of High-carbon Steel Wire and 
Rod, Heat Treatment of Metals, 1 982.3, pp 77-83). The 
additives are used to increase the thickness and stability 
of the vapour film around the steel wire. The water tem- 
perature is preferably above 80°C, e.g. above 85° C, is 
most preferably above 90°C, e.g. around 95°C. The 
higher the water temperature, the higher the stability of 
the vapour film around the steel wire. 

Water cooling is conveniently done in a water bath 
where the steel wire or steel wires are guided through 20 
via a horizontal and rectilinear path. The bath is usually 
of the overflow-type. 

The term "water bath" refers both to a complete water 
bath taken as a whole and to that part of a complete 
water bath where the steel wire has been immersed. 25 

It is possible to match the dimensions of the water 
baths to the number of steel wires so that - except for 
the starting up phase • energy does not need to be sup- 
plied to the water baths since the energy provided by 
the hot steel wires is sufficient to keep the water at the 30 
proper temperature. This reduces considerably the op- 
erating costs. 

A further advantage and the working of the inven- 
tion may be explained as follows. 

The heat content of a wire is proportional to its volume, 35 
the volume being proportional to d 2 , where d is the di- 
ameter of the wire : 

heat content = C 1 x d 2 40 
The surface of a wire is proportional to its diameter 

d: 

surface = C 2 x d 4 ° 

As a consequence, the cooling velocity, being pro- 
portional to the surface and inversely proportional to the 
heat content, is inversely proportional to the diameter d : so 

cooling velocity = (C 2 x d) / (C n x d 2 ) = C 3 / d 

The smaller the diameter, the greater the cooling 55 
velocity and the greater the chances for formation of 
martensite or bainite. 



In this way transformation in water becomes difficult 
for wire diameters below 2.8 mm and becomes impos- 
sible for wire diameters below about 1 .8 mm. The cool- 
ing velocity is that high that even by film boiling the 
"nose" of the transformation curve in a TTT-diagram is 
passed by. The result is the formation of martensite. 

The invention makes patenting of steel wires with a 
diameter below 2.8 mm, e.g. below 1.8 mm (1.5 mm, 
1 .2 mm, 0.8 mm), possible by moderating the global 
cooling velocity. Cooling by film boiling in water is alter- 
nated with cooling by air. 

When the steel wire has been heated above the 
austenitizing temperature the cooling stage comprises 
a p re-transformation stage, a transformation stage and 
a post-transformation stage. 

The number of the water cooling periods and the 
number of the air cooling periods in the pre-transforma- 
tion stage, and the length of each such water cooling 
period and the length of each such air cooling period 
during the pre -transformation stage are preferably so 
chosen so as to start transformation from austenite to 
pearlite at a temperature between 550°C and 650°C, 
which allows a patented steel wire with suitable me- 
chanical properties. 

Usually the pre-transformation stage consists of only 
one water cooling period and of only one subsequent 
air cooling period. During this water cooling period the 
steel wire is initially cooled rapidly and this rapid cooling 
is slowed down during the air cooling period so as to 
enter the "nose" of the transformation curve at a proper 
place. 

Relating to the transformation stage, the number of 
the water cooling periods and the number of the air cool- 
ing periods and the length of such water cooling periods 
and the length of such air cooling periods are so chosen 
so as to limit the heating up of the steel wire due to re- 
calescence to a maximum of 75° C above the tempera- 
ture where transformation has started, e.g to a maxi- 
mum of 50° C and preferably to a maximum of 30° C. This 
avoids too soft a structure of the patented steel wire. 
The more the heating up of the steel wire due to reca- 
lescence can be limited the better. 

For wire diameters which are substantially smaller 
than 1.8 mm, the water cooling during transformation 
may be too fast so that, despite the recalescence heat, 
bainite or martensite risks to be formed. In this case, a 
water cooling period must be alternated with an air cool- 
ing period, and, by way of example, the transformation 
phase may consist of a first air cooling period, followed 
by a water cooling period and followed again by an air 
cooling period. 

Preferably the cooling by air or in air is not a forced 
air cooling but a simple cooling in ambient air. 

After the patenting treatment the steel wire may be 
subject to other downstream processing steps. 

If the steel wire is to be used as a reinforcement of 
an elastomeric material, such as rubber, following down- 
stream processing steps may occur : 
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(i) plating with a brass alloy or plating with a zinc 
alloy; 

(ii) cold drawing to a final diameter smaller than 0.60 
mm, e.g. smaller than 0.40 mm or 0.30 mm; 

(iii) twisting the steel wires into a steel cord; 

(iv) embedding the steel cord into an elastomeric 
material such as a tyre ply (breaker or carcass ply), 
a rubber hose, a conveyor belt ply or a timing belt 
ply. 

As a first alternative embodiment of the invention, 
the number of water cooling periods, the number of air 
cooling periods, the length of each water cooling period 
and the length of each air cooling period are so chosen 
to follow a predetermined cooling curve, i.e. a predeter- 
mined temperature versus time curve. 
Relating to the pre-transformation stage, the number of 
water cooling periods, the number of air cooling periods 
and the length of each such water cooling period and 
each such air cooling period are so chosen so as to ob- 
tain a predetermined average cooling velocity. 
Relating to the transformation stage, the number of wa- 
ter cooling periods (if any) and the number of air cooling 
periods (if any), and the length of each such water cool- 
ing period and the length of each such air cooling period 
may be so chosen so as to obtain a substantially iso- 
thermal transformation. 

The invention will now be further explained with ref- 
erence to the accompanying drawings wherein 

FIGURE 1 shows a cooling curve of a process ac- 
cording to the present invention; 
FIGURES 2, 3 and 4 give schematic representa- 
tions of ways of carrying out a process according to 
the invention. 

FIGURE 1 shows a cooling curve 1 -4 in a so-called 
TTT-diagram (Temperature-Time-Transformation). 
Time is presented in abscissa and temperature forms 
the ordinate. S is the curve which designates the start 
of the transformation from austenite (A) to pearlite (P), 
E is the curve which designates the end of this transfor- 
mation. 

A steel wire with a diameter of about 1 .50 mm which 
is cooled by film boiling in a overflow water bath follows 
both the full line and subsequently the dotted lines of 
the cooling curve 1 . The dotted lines of cooling curve 1 
pass by the transformation curve S. The result is a steel 
wire with a martensite structure. 
In order to avoid this in a process according to the in- 
vention, film boiling is interrupted after a first water cool- 
ing period t n and is cooled in ambient air during a second 
air cooling period t 2 . Curve 2 is the cooling curve during 
this second time period. Preferably, there is only one wa- 
ter cooling period and only one air cooling period in the 

. p/e-transformation stage, although more water cooling 

periods and air cooling periods are possible. The length 
of this first water cooling period and the length of this 
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second air cooling period are so chosen so as to enter 
the "nose" of the transformation curve at a suitable 
place, e.g. between 550°C and 650°C. Transformation 
occurs in a water bath during another water cooling pe- 
s riod t 3 . Curve 3 is the cooling curve during transforma- 
tion. Further cooling occurs in the air and is shown by 
cooling curve 4. 

FIGURE 2 shows schematically a way of carrying 
out the process according to the invention. As a matter 
10 of example, a steel wire 1 0 with a carbon content of 0.80 
% and with a diameter of 1 .50 mm is led out of a furnace 
12 having a temperature of about 1000°C. The wire 
speed is about 24 m/min. A first water bath 14 of the 
overflow-type is situated immediately downstream the 
is furnace 14. The length ^ of the first water bath 14 is 0.8 
m. The steel wire 10 leaves the water bath 14 and is 
guided through the ambient air over a length l 2 of 0.7 m. 
A supplementary water bath 16 with a length l 3 of 0.3 m 
where steel wire 10 is guided through is provided. After 
leaving supplementary water bath 16 the steel wire 10 
is cooled in ambient air. 

In FIGURE 3 another way of carrying out the proc- 
ess according to the invention is shown. The main dif- 
ference with the embodiment of FIGURE 2 is that here 
only one water bath 1 4 is used instead of separate water 
baths. After a first water cooling period over a first length 
in the water bath 14, the steel wire 10 is guided by 
means of pulleys 20 out of the bath into the air during a 
second air cooling period over a second length. Subse- 
quently, the steel wire 10 is guided again into the same 
water bath 14 by means of pulleys 20. The steel wire 10 
runs in the water bath over a third length l 3 during an- 
other water cooling period during which transformation 
occurs. The transformation being completed the steel 
wire 10 leaves the water bath 14 and is further cooled 
in the air. 

The advantage of the embodiment of FIGURE 3 is that 
only one water bath is necessary, the alternating cooling 
by water and by air being realized by installing pulleys 
20 at the appropriate places. This embodiment allows 
for a great flexibility especially in multiwire installations : 
steel wires with different diameters may be patented si- 
multaneously. Only one bath is provided, but for each 
wire diameter group, guiding pulleys are fixed at appro- 
priate places in and above the water bath. 

FIGURE 4 shows schematically two other embodi- 
ments used for patenting steel wires with a diameter 
substantially smaller than 1 .5 mm. 
In a first embodiment only a small water bath 16' is pro- 
vided for the transformation stage. Transformation has 
already, started before the steel wire reaches this sup- 
plementary bath 16'. The function of the water bath 16' 
is to limit the heating up of the wire due to recalescence. 
The end of the transformation phase occurs in air. 
In a second embodiment three relatively small water 
baths 16", 17" and 18" have been provided in the trans- 
formation stage. Transformation starts in air before wa- 
ter bath 16". 
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Due to the small wire diameter the cooling by film 
boiling is going too rapidly. In order to avoid bainite for- 
mation, water cooling is subsequently alternated with air 
cooling. Due to recalescence the wire temperature is in- 
creasing. This increase, however, is limited by film boil- 
ing in water bath 17 M . The rapid cooling in water is again 
slowed down by with air cooling. A third water bath 18" 
is used then to limit the heating up which may be initiated 
by recalescence during the preceding air cooling period. 
Once the temperature increase is under control, further 
cooling may again be done in the air. 

Following test has been carried out on a steel wire : 

- carbon equivalent [= % C + 0.3 x (% Mn - 0.40)] : 
0.84 % 

wire diameter at the patenting stage : 1 .70 mm 
patenting conditions : 

furnace temperature : 1000°C 
temperature of the water baths : 92° C 
time period tj in a first water bath : 2.3 s 
time period t 2 in air between the water baths : 
1.9s 

time period t 3 in a second water bath : 0.9 s 



the number of the water cooling periods, the 
number of the air cooling periods, the length of each 
water cooling period and the length of each air cool- 
ing period being so chosen so as to avoid the for- 
5 mation of martensite or bainite. 

2. A process according to claim 1 

wherein the steel wire is heated above the 

10 austenitizing temperature 

and wherein the cooling stage comprises a pre- 
transformation stage, a transformation stage 
and a post-transformation stage, 
the pre-transformation stage comprising at 

is least one water cooling period and at least one 

air cooling period, 

the number of the water cooling periods and the 
number of the air cooling periods in the pre- 
transformation stage, and the length of each 
20 such water cooling period and the length of 

each such air cooling period during the pre- 
transformation stage being so chosen so as to 
start transformation from austenite to pearl ite 
at a temperature between 550° C and 650° C. 



final wire diameter : 0.30 mm 

The table hereunder summarizes the results. 

R m is the tensile strength of the wire at its final wire 
diameter, Ag is the remaining elongation at the maxi- 
mum load, N b is the number of bendings and N t is the 
number of torsions. 



! sample J 


R m (N/mm2) 


Ag (%) 


! N t 


N b : 


! 1 ! 


3150 


0.68 


1 68.8 


16.2 ; 


! 2 • 


3209 


0.65 


71.2 


15.0 ! 


! 3 ! 


3199 


0.63 


69.4 


14.8 ! 


! 4 ! 


3206 


0.59 


64.8 ! 


14.8 j 


i 5 i 


3215 


0.71 


68.6 


13.0 j 


! 6 ! 


3213 


0.72 


66.4 


14.2 | 


! 7 ! 


3196 


0.67 


68.0 


12.2 ; 


! 8 ; 


3197 


0.70 


66.6 | 


13.4 | 


! 9 : 


3189 


0.61 


66.2 ! 


13.2 ! 


! 10 ! 


3211 ! 


0.55 


68.0 ! 


13.8 ! 



Claims 

1. A process of heating and subsequently cooling at 
least one steel wire (10) 

the steel wire having a diameter which is less than 
2.8 mm and the cooling being alternatingly done by 
film boiling in water during two or more water cool- 
ing periods (14, 16) and in air during one or more 
air cooling periods, a water cooling period immedi- 
ately following an air cooling period and vice versa, 
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A process according to claim 2 
wherein the pre-transformation stage consists of 
one water cooling period and of one subsequent air 
cooling period. 

A process according to claim 2 
wherein the number of the water cooling periods 
and the number of the air cooling periods during the 
transformation stage, and the length of each such 
water cooling period and the length of each such air 
cooling period during the transformation stage are 
so chosen so as to limit the heating up of the steel 
wire due to recalescence to a maximum of 75° C 
above the temperature where transformation has 
started. 

A process according to claim 4 

wherein the transformation stage consists of one 

water cooling period. 

A process according to claim 4 wherein the trans- 
formation stage consists of one air cooling period. 

A process according to claim 4 wherein the trans- 
formation stage consists of one water cooling peri- 
od, one preceding air cooling period and one sub- 
sequent air cooling period. 

A process according to any of the preceding claims 
whereby the air cooling is done in ambient air. 

A process according to any of the preceding claims 
whereby the steel wire is further plated with a brass 
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alloy. 

1 0. A process according to any of claims 1 to 8 whereby 
the steel wire is further plated with a zinc alloy. 

11. A process according to any of the preceding claims 
whereby the steel wire is further drawn to a diameter 
smaller than 0.50 mm. 

12. A process according to claim 11 

whereby the steel wire is further twisted with other 
steel wires into a steel cord. 



Patentan sprue he 

1. Verfahren zum Erwarmen und nachfolgenden Ab- 
kQhlen wenigstens eines Stahldrahts (10), wobei 
der Stahldraht einen Durchmesser aufweist, wel- 
cher kleiner als 2,8 mm ist, und wobei die Abkuh- 
lung abwechselnd duch Filmsieden in Wasser wah- 
rend zweier oder mehr Wasserkuhlperioden (14, 
16) und in Luft wahrend einer oder mehr Luftkuhl- 
perioden erfolgt, wobei eine Wasserkuhlperiode un- 
mittelbar auf eine Luftkuhlperiode folgt und umge- 
kehrt, wobei die Zahl der Wasserkuhlperioden, die 
Zahl der Luftkuhlperioden, die Lange jeder Wasser- 
kuhlperiode und die Lange jeder Luftkuhlperiode so 
gewahlt werden, dass die Bildung von Martensit 
oder Bain it vermieden ist. 

2. Verfahren nach Anspruch 1 , bei dem der Stahldraht 
uber die Austenitisierungstemperatur erwarmt wird 
und bei dem die Kuhlphase eine Vorumwandlungs- 
phase, eine Umwandlungsphase und eine Nach- 
umwandlungsphase umfasst, wobei die Vorum- 
wandlungsphase wenigstens eine Wasserkuhlperi- 
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13. A process according to claim 12 

whereby the steel cord is embedded as a reinforc- is 
ing material in an elastomeric material. 

14. A process according to claim 11 whereby the steet 
wire is embedded as a reinforcing material in an 
elastomeric material. 20 



15. A process of heating and subsequently cooling at 
least one steel wire having a diameter smaller than 
1.2 mm, wherein the cooling is alternatingly done 
by film boiling in water during one or more water 
cooling periods and in air during one or more air 
cooling periods, a water cooling period immediately 
following an air cooling period and vice versa, the 
number of water cooling periods, the number of air 
cooling periods, the length of each water cooling pe- . 
riod and the length of each air cooling period being 
so chosen so as to avoid the formation of martensite 
or bainite. 



ode und wenigstens eine Luftkuhlperiode umfasst, 
wobei die Zahl der Wasserkuhlperioden und die 
Zahl der Luftkuhlperioden in der Vor umwandlungs- 
phase sowie die Lange jeder derartigen Wasser- 
kuhlperiode und die Lange jeder derartigen Luft- 
kuhlperiode wahrend der Vorumwandlungsphase 
so gewahlt werden, dass die Umwandlung von Au- 
stenit in Perlit bei einer Temperatur zwischen 550°C 
und 650°C einsetzt. 

3. Verfahren nach Anspruch 2, bei dem die Vorum- 
wandlungsphase aus einer Wasserkuhlperiode und 
einer nachfolgenden Luftkuhlperiode besteht. 

4. Verfahren nach Anspruch 2, bei dem die Zahl der 
Wasserkuhlperioden und die Zahl der Luftkuhlperi- 
oden wahrend der Umwandlungsphase sowie die 
Lange jeder derartigen Wasserkuhlperiode und die 
Lange jeder derartigen Luftkuhlperiode wahrend 
der Umwandlungsphase so gewahlt werden, dass 
die rekaleszenzbedingte Erwarmung des Stahl- 
drahts auf maximal 75° C uber die Temperatur be- 
schrankt ist, bei der die Umwandlung eingesetzt 
hat. 

5. Verfahren nach Anspruch 4, bei dem die Umwand- 
lungsphase aus einer Wasserkuhlperiode besteht. 

6. Verfahren nach Anspruch 4, bei dem die Umwand- 
lungsphase aus einer Luftkuhlperiode besteht. 

7. Verfahren nach Anspruch 4, bei dem die Umwand- 
lungsphase aus einer Wasserkuhlperiode, einer 
vorhergehenden Luftkuhlperiode und einer nachfol- 
genden Luftkuhlperiode besteht. 

8. Verfahren nach einem der vorhergehenden Anspru- 
che, bei dem die Luftkuhlung in Umgebungsluft er- 
folgt. 

9. Verfahren nach einem der vorhergehenden Anspru- 
che, bei dem der Stahldraht ferner mit einer Mes- 
singlegierung plattiert wird. 



45 10. Verfahren nach einem der Anspruche 1 bis 8, bei 
dem der Stahldraht ferner mit einer Zinklegierung 
plattiert wird. 

11. Verfahren nach einem der vorhergehenden Anspru- 
so che, bei dem der Stahldraht ferner auf einen Durch- 
messer gezogen wird, welcher kleiner als 0,50 mm 
ist. 

12. Verfahren nach Anspruch 11, bei dem der Stahl- 
55 draht ferner mit anderen Stahldrahten zueinem 

Stahlcord verdrallt wird. - . „ 

1 3. Verfahren nach Anspruch 1 2, bei dem der Stahlcord 
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als Verstarkungsmaterial is ein Elastomermaterial 
eingebetet wird. 

14. Verfahren nach Anspruch 11, bei dem der Stahl- 
draht als Verstarkungsmaterial in ein Elastomerma- 
terial eingebetet wird. 



rat u re entre 550° C et 650° C. 

3. Proced6 selon la revendication 2, dans lequel le 
stade d'avant-transformation consist e en une perio- 
5 de de ref roidissement par de I'eau suivie d'une pe- 
riode de ref roidissement par de I'air. 



15. Verfahren zum Erwarmen und nachfolgenden Ab- 
kuhlen wenigstens eines Stahldrahts mit einem 
Durchmesser, welcher kleiner als 1 ,2 mm ist, wobei 10 
die AbkOhlung abwechselnd durch Filmsieden in 
Wasser wahrend einer oder mehr Wasserkuhlperi- 
oden und in Luft wahrend einer oder mehr LuftkGhl- 
perioden erfolgt, wobei eine Wasserkuhlperiode un- 
mittelbar auf eine Luftkuhlperiode folgt und umge- is 
kehrt, wobei die Zahl der Wasserkuhlperioden, die 
Zahl der Luftkuhlperioden, die Lange jeder Wasser- 
kuhlperiode und die Lange jeder Luftkuhlperiode zo 
gewahlt werden, dass die Bildung von Martensit 
oder Bain it vermieden ist. 20 



Revendicatlons 

1 . Procecte pour chauffer et ref roidir ensuite au moins 2s 
un fil d'acier (1 0) le fil d'acier ayant un diametre qui 
est inferieur a 2,8 mm et le ref roidissement etant 
effectue altemativement par Ebullition pelliculaire 
dans de I'eau pendant deux ou plusieurs periodes 
( 1 4, 1 6) de ref roidissement par de I'eau , et dans I'air 30 
pendant une ou plusieurs periodes (14, 16) de re- 
froidissement par de I'air, une periode de ref roidis- 
sement par de I'eau suivant immddiatement une pe- 
riode de refroidissement par de I'air, et vice versa, 
le nombre de periodes de refroidissement par de 35 
I'eau, le nombre de pSriodes de refroidissement par 
de I'air, la duree de chaque p6riode de refroidisse- 
ment par de I'eau et la duree de chaque periode de 
refroidissement par de I'air etant choisis de maniere 
a eviter la formation de martensite ou de bainite. 40 



4. Proced6 selon la revendication 2, dans lequel le 
nombre de periodes de refroidissement par de I'eau 
et le nombre de periodes de refroidissement par de 
I'air pendant le stade de transformation, et la duree 
de chacune desdites periodes de refroidissement 
par de I'eau et la duree de chacune desdites perio- 
des de refroidissement par de I'air pendant le stade 
de transformation sont choisis de maniere a limiter 
I'echauffement du fil d'acier dQ a la recalescence a 
un maximum de 75°C audessus de la temperature 
a laquelle la transformation a commenced 

5. Procede selon la revendication 4, dans lequel le 
stade de transformation consiste en une periode de 
refroidissement par de I'eau. 

6. Proced6 selon la revendication 4, dans lequel le 
stade de transformation consiste en une periode de 
refroidissement par de I'air. 

7. Proced6 selon la revendication 4, dans lequel le 
stade de transformation consiste en une periode de 
refroidissement parde I'eau, une periode preceden- 
te de refroidissement par de I'air et une pdriode ul- 
terieure de refroidissement par de I'air. 

8. Proc6de selon Tune quelconque des revendicattons 
precedentes, dans lequel le refroidissement par de 
I'air est realise dans I'air ambiant. 

9. Procede selon Tune quelconque des revendication s 
precedentes, dans lequel le fil d'acier est en outre 
recouvert d'un alliage de laiton. 



2. Procecte selon la revendication 1 , dans lequel le fil 
d'acier est chauffe audessus de la temperature 
d'austenisation, et dans lequel le stade de refroidis- 
sement comprend un stade d'avant-transformation, *s 
un stade de transformation et un stade d'apres- 
transformation, le stade d'avant-transformation 
comprenant au moins une periode de refroidisse- 
ment par de I'eau et au moins une periode de re- 
froidissement par de I'air, le nombre de peYiodes de so 
refroidissement par de I'eau et le nombre de perio- 
des de refroidissement par de I'air dans le stade 
d'avant-transformation, et la duree de chacune des- 
dites periodes de refroidissement par de I'eau et la 
duree de chacune desdites periodes de refroidisse- ss 

ment par de I'air pendant le stade d'avant-transfor- 
mation etant choisis de maniere a commencer une 
transformation d'austenite en perlite a une tempe- 



1 0. Proced6 selon Tune quelconque des revendicatlons 
1 a 8, dans lequel le fil d'acier est en outre recouvert 
d'un alliage de zinc. 

1 1 . Procede selon I'une quelconque des revendications 
precedentes, dans lequel le fil d'acier est etire ultd- 
rieurement jusq'a un diametre inferieur a 0,50 mm. 

1 2. Proced6 selon la revendication 11 , dans lequel le fil 
d'acier est ulterieurement toronne avec d'autres fiis 
d'acier pour former un cable en acier. 

13. Procede selon la revendication 12, dans lequel le 
cable en acier est incorpore comme matenau de 
rent orcement dans un materiau en elastomere. 

14. Procede selon la revendication 11 , dans lequel le fil 
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d'acier est incorpor6 comme mat6riau de renforce- 
ment dans un materiau en 6lastomere. 

15. ProcSde pour chauffer et refroidir ensuite au moins 
un fil d'acier ayant un diametre inferieur a 1 ,2 mm s 
dans lequel le refroidissement est effectud alterna- 
tivement par ebullition pelliculaire dans de i'eau 
pendant une ou plusieurs p6riodes de refroidisse- 
ment par de I'eau, et dans I'air pendant une ou plu- 
sieurs p6riodes de refroidissement par de I'air, une 10 
p6riode de refroidissement par de I'eau suivant im- 
mediatement une peViode de refroidissement par 
de I'air, et vice versa, le nombre de periodes de re- 
froidissement par de I'eau, le nombre de pe>iodes 
de refroidissement par de I'air, la dur6e de chaque 15 
periode de refroidissement par de I'eau et la duree 
de chaque pdriode de refroidissement par de i'air 
etant choisis de maniere a eviter la formation de 
martensite ou de bainite. 
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